Leaching of selected metals from a landfill of the closed down Siersza coal mine in Trzebinia (S Poland) older operations are still found in landfills and quarrying sites [Pasieczna et al. 2008; Kot-Niewiadomska 2013] .
The authors present preliminary results of a study on the landfill of waste accumulated by the Siersza coal mine that focused on the following aspects:
The total content of five selected elements: Zn, Pb, Cd, Mn and Fe, belonging to the group of so-called heavy metals.
The concentrations of these metals in aqueous solutions
(leached with distilled water).
Assessment of an environmental threat posed by the landfill to the surrounding soils, groundwater and surface waters.
MATERIAL AND METHODS OF STUDY

Samples were collected from the landfill located in Grunwaldzka
Street, where all waste types generated by coal mining and cleaning in the Siersza mine had been disposed of till 2001
( Fig. 1) . The mine exploited coal seams belonging to the Łaziska Beds [Dembowski, Unrug 1970; Williamson et al. 2006 ] and the accumulated waste cover a surface of about 14 km 2 . After the cessation of coal mining in 2001, the mass of waste was neither protected nor reclaimed for a long time. As a result, adjacent areas and watercourses have been contaminated, mainly by leaching the finest grain fractions from the landfill. For instance, the impact of mercury and some other elements on the water and soil environments was dealt with by Klojzy-Karczmarczyk and Mazurek (2010, 2014) . In the surface part of the landfill, natural succession has taken place [Woch et al. 2013] and currently the site has already its top part reclaimed.
The samples were collected in an irregular grid, because of no clear-cut limits of the landfill site and the presence of stagnant water pools (Fig. 1) . The depth of sampling was 1.5-2.0 m below the surface area using an Akkerman's core sampler with a diameter of 70 mm and depended on the landfill relief. Three major sampling fields were distinguished: western (W), central (OS) and south-eastern (ES) sections, while the northern slope of the landfill was the fourth (SK). A total of 21 samples were collected, each with a weight of 1.0-1.5 kg. The samples were averaged and reduced to obtain laboratory subsamples with a mass of about 20 g, next dried at 105°C and ground to <0.5 mm.
The total contents of Zn, Pb, Cd, Fe and Mn were determined with X-ray fluorescence spectroscopy (XRF) using an Olympus X-5000 analyser. 
RESULTS AND DISCUSSIONS
Samples are highly variable with respect to their petrographic character. They include prevailing fragments of sandstones and compact mudstones, accompanied by shales and coal.
The content of pyrite has been evaluated in hand specimens at around 2-5%, which is similar to the content of the exploited coal layers [Janeczka, Galos 2007] . The field inspection has also revealed a presence of slag of an unknown origin, mainly in the western part of the dumping ground.
Total content of the selected elements
The total content of the investigated metals considerably vary among the four sites ( In the north slope of the dump, the amounts of Pb (mean 5.14 mg•kg −1 ) are higher than in the remaining parts. By contrast, the total contents of the remaining four elements are the lowest in the south-east field.
Samples from the south-eastern part (field ES, 
Reaction and sulphate contents of water extracts
The pH values of the water extracts range from 5.72 to 6.35 (Table 2) , indicating a slightly acidic reaction of the leachates.
The lowest averaged pH value equal to 5.79 has been calculated for the set of SK samples from the northern slope of the landfill, whereas the highest averaged pH value equal to 6.30 for the set of ES samples, taken in its south-eastern part.
The Regulation of the Minister of the Environment (2014) on the conditions to be met when disposing of effluents into water or soils and on the substances particularly harmful to the aquatic environment defines that the reaction of such discharges into the environment must be within the range 6.5-9.0. As the pH of all the samples is below the lower permitted value, adequate measures should be introduced by the landfill management to ensure proper parameters of the effluents infiltrating into the environment.
The highest content of sulphates (311 mg•dm −3 ) was found in the water extract ES/2 ( as the maximum concentration of SO 4 2-in the leachates entering the environment, the values determined in this study have 
The concentration of selected metals in water extract
The Regulation of the Minister of the Environment (2014) also determines the contents of heavy metals and other substances that can be introduced into the environment during a day or a month. The concentrations of the five selected metals in water extracts (Table 3) 
Leachability of the selected metals
An assessment of the leachability of Zn, Pb Cd, Mn and Fe from the material accumulated on the coal mine dump in Trzebinia was made by relating the metal concentrations in the laboratory water extracts to the total contents of these elements in the laboratory solid samples (Table 4 ). The data expressed as the arithmetic means for all 21 samples indicate that the most prone to leaching are Mn and Zn, removed into the eluates in 78 and 77%, respectively. They are followed by Pb and Cd, which were leached in approximately 50%. The lowest was the leaching of Fe, whose 36% was water-mobilised. A leachate from the central sampling area showed the highest single result -88% of the 
CONCLUSIONS
The most important findings and explanations are as follows:
1. The degree of leaching Zn, Pb, Cd and Mn from the waste generated by coal mining is substantial. The Cd and Pb concentrations in the water extracts exceed from around 1700 to 12,500 times the permissible daily contents set in the Polish standards.
2. Especially hazardous are high Zn contents of the waste in the western part of the landfill. This section of the dump contains also slag fragments that can be a major source of zinc and indicate that various industrial waste materials were disposed of onto the landfill operated by the Siersza coal mine.
3. The contents of Fe only in three samples out of 21 exceed the limit set in the standard for effluents. Therefore, pollution of waters and soils with iron outside the landfill should rather be negligible.
4. The content of SO 4 2-leached from the waste does not exceed the limit, but due to the mineral composition of the waste should be monitored.
5.
The pH values of the laboratory waste extracts exceed the permissible limits. The landfill leached by rainwater is a source of the acid drainage entering nearby watercourses and groundwater.
Surprisingly, high amounts of the metals were leached with distilled water in the laboratory. They may be even higher in the landfill effluents because the solid waste are exposed to rainwater with an acid reaction. It is a disturbing observation in case of highly toxic metals (Zn, Cd and Pb) and an unexpected result when studying a landfill of the waste supposed to be generated only by coal mining operations. Anyway, the landfill represents a serious threat to the environment if left without more advanced reclamation measures. Therefore, the landfill itself and its effluents mobilised by infiltration of rainwater should be subject to continuous observations. x-arithmetic average; n-number of samples
